Introduction {#Sec1}
============

Third grade fluid is one of the notable sub kinds of non-Newtonian fluids. The non-Newtonian fluid flow due to the stretching surface is the important area of research due to its broad applications in many industrial and production domains such as, rolling of polymer films, extrusion of metallic sheets, etc. The study on 2nd grade fluid which passed through the stretching sheet is numerically discussed including the variations in thermophysical properties like thermal conductivity, viscosity \[[@CR1]\]. It is shown that Eckert number increases the heat transport rate. Hydromagnetic mixed convective heat transfer of 3rd-grade fluid with gyrotactic microorganism is examined \[[@CR2]\]. Unsteady flow of power law fluid with uniform velocity is evaluated \[[@CR3]\]. With the consideration of heat source and heat sink of MHD flow over a oscillatory stretching sheet is numerically studied \[[@CR4]\]. With the impact of chemical reaction, the fourth grade fluid through porous plate of MHD radiative fluid is investigated \[[@CR5]\]. In addition to MHD nanofluid, the electrically conductive fluid that of second grade with suction parameter is developed \[[@CR6]\]. For the application of bio magnetic the third grade fluid is correlated numerically \[[@CR7]\]. The modified Fourier heat flux model for the study of carreau fluid is explored numerically \[[@CR8]\]. The various features and applications of non-Newtonian fluids are studied in ref's \[[@CR9]--[@CR15]\].

There are several techniques available to solve nonlinear problems. The homotopy analysis method (HAM) is initially constructed by Liao \[[@CR16]\] in 1992. Moreover, he altered with a non-zero auxiliary parameter \[[@CR17]\] . This parameter shows the way to calculate the convergence rate. It also offers great independence to choose the base functions of the solutions. A few more studies about this technique was seen in previous works \[[@CR18], [@CR19]\].

Inspired by the above literature surveys, we are constructing a steady 3rd-grade liquid flow with considering radiation, and convective heating effects. Dufour and Soret effects are examined. The system of entropy is discussed briefly for various parameters.

Mathematical Formation {#Sec2}
======================

The steady third grade incompressible two dimensional chemically reactive fluid flow due to stretchy surface is considered. The sheet to be stretchy by the pair of same and inverse forces with velocity ($\documentclass[12pt]{minimal}
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Analytical Procedure and Convergence Study {#Sec3}
==========================================

HAM has been used last twenty years to solve the non-linear system of ODE occurring in various fields. The nonlinear ODE are solved with the aid of HAM algorithm. This algorithm is computed through MATHEMATICA software in our personal computer with 8 GB RAM and 2.30 GHz Processor.Fig. 1.h-curves for $\documentclass[12pt]{minimal}
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Entropy Optimization {#Sec4}
====================

The entropy minimization optimization for fluid friction, heat and mass transfer irreversibility's are given below:$$\documentclass[12pt]{minimal}
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Validation {#Sec5}
==========

In order to validate our numerical procedure, the results are validated with earlier report of Maria et al. \[[@CR10]\]. The comparison results are given in Table [2](#Tab2){ref-type="table"}.Table 2.Comparison in absence of $\documentclass[12pt]{minimal}
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Results and Discussion {#Sec6}
======================
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